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[(1) Prepost receive requests | SHIFT ALGORITHMS: TwO-SIDED (MPI-1) vs. ONE-SIDED (PGAS)
MPILIRECV (recv_buf(i),i,req(i).tor_comm,..) 3
enddo - MPI algorithms have been extensively researched and optimized in the past

- Multithreaded MPI algorithms exploiting shared memory work-sharing constructs + novel
overlapping techniques, e.g., using OpenMP task, have been developed

''(2) compute shifted particles and fill buffer
ISomp parallel ,
pack( p_array ,shift ., holes .send_buf)

MPI

- All optimized MPI algorithms share the large bulk data transfers to exchange moving

I'(83) Send of particles to destination process

do j=1,nr_dests ] particles following rule that performance is optimized by sending fewer & larger messages
MPLISEND (send_buf(j).j.req(j+i).tor_comm,..) i i i .

enddo 13 - Vendor-supplied MPI library that has been highly tuned for the XE6/Gemini interconnect

MPLWAITALL(2*nr_dests ,req ,..)

- Exploit the one-sided nature of the PGAS model
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-« bufl(dest 1-sb size) » « - Asimilar strategy in MPI-1 cannot be implemented and very hard in MPI-2
buf_c: (dest )=0 ! | c . . . .
- - ui-ent(cest)=0 1 8 - One-sided messaging semantics as language constructs (Coarrays in Fortran 2008) allow
16 compilers to directly reference remote memory and to apply communication optimizations
'(2) shift remaining particles
18 empty_s_buffers(s_buf) - HW support for PGAS, as provided by the recent Cray XE6 Gemini interconnect, is essential to
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realize the performance potential; but, still good performance improvements on XT4!

PERFORMANCE: EVALUATED IN A BENCHMARK SUITE & IN THE REAL APPLICATION
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APPLICATION: Gyrokinetic Tokamak Simulation (GTS)

- A global 3D Particle-In-Cell (PIC) code with MPI & OpenMP support

- Developed to study plasma microturbulence in toroidal, magnetic confinement
devices called tokamaks

- Microturbulence is a complex, nonlinear phenomenon that is believed to play
a key role in the confinement of energy and particles in fusion plasmas

- Due to one of the levels implemented for parallelism in GTS, particles
from one toroidal domain to another while they travel around the torus

- Shift phase represents the most communication intense routine in GTS and

will gain in importance when scaling GTS to Petascale or even Exascale
supercomputers.

ARCHITECTURE: NERSC CRAY XE6 “HoPPER”

Compute Node Configuration:

- 6384 nodes
- 2 twelve-core AMD 'MagnyCours’

2.1 GHz processors per node (NUMA)
- 24 cores per node (153,216 total cores) | o Interconmect
- 1.28 Peta-flops for the entire machine L —
- Each core has their own L1 and L2 caches, with 64 KB and 512KB respectively
-6 MB L3 cache shared between 6 cores on the Magny-Cours processor
-4 DDR3 1333 MHz memory channels per twelve-core 'MagnyCours' processor

6 cores per die

Gemini Characteristics:
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- 168 GB/sec routing capacity

- Scales to over 100,000 network endpoints
- Link-level reliability and adaptive routing
- Provides global address space .
- Efficiently supports MPI, one-sided MPI, Shmem, UPC, Co-Array Fortran
- Supports millions of MPI messages per second

- Internode latency on the order of 1 microsecond

- Bandwidth of 9.8 GB/sec per Gemini chip



